Study Design. A retrospective study. Objective. The aim of this study was to analyze the clinical outcomes and related factors of C5 palsy (C5P) following posterior cervical laminectomy with fusion (LF) compared with laminoplasty (LP). Summary of Background Data. C5P is more common after LF than after LP. There have not been any studies on C5P-LF compared with C5P-LP. Methods. We retrospectively analyzed consecutive cases that underwent cervical LF for nontraumatic cervical myelopathy or myeloradiculopathy (CMR). To analyze the related factors, C5P-LF and non-C5P-LF groups were compared. To assess the clinical parameters, preoperative diagnosis, clinical symptoms, surgical procedures, and outcome instruments were analyzed. Radiographically, we analyzed preoperative maximal spinal cord compression ratio, presence of C4-5 foraminal stenosis (FS), and correction angles on the sagittal plane. To compare with C5P-LP, we analyzed the incidence, time of onset, grade of muscle weakness, other accompanying cervical nerve root palsies, recovery time, and degree of final recovery in the C5P-LF and the C5P-LP groups of 100 consecutive LPs. Results. A total of 90 LF patients were enrolled (M:F ¼ 54:36, mean age 61.1 yr, mean follow-up 35 months). C5P occurred in 26 patients (28.9%), and 14 cases (53.8%) demonstrated other cervical nerve root palsies. Clinically significant differences were observed between the C5P-LF and non-C5P-LF groups with regard to preoperative clinical diagnosis (CMR 88.5:42.2%, P < 0.001) and presence of preoperative upper extremity weakness (57.7:32.3%, P ¼ 0.02). Comparison between the C5P-LF and C5P-LP groups showed significant differences between incidence (28.9:4%), mean grade of weakness (2.1:3.5), accompanying nerve root symptoms (53.8:0%), recovery time (20.8:10.5 weeks), and incidence of incomplete recovery (15.4:0%). Conclusion. C5P-LF patients showed higher incidence, more severe weakness, frequent involvement of multiple cervical nerve roots, and longer recovery time than C5P-LP patients. Preoperative clinical manifestation of CMR and preexisting upper extremity weakness were the related factors of C5 palsy.
C 5 palsy (C5P) is a well-known complication of cervical decompressive surgery. Despite the low incidence and good prognosis, C5P can prevent patients from performing basic activities of daily living and decreases quality of life during the recovery period. 1 Although the etiology of C5P has been postulated as intraoperative injury, nerve root tethering from posterior shifting of the spinal cord, or reperfusion injury of the spinal cord, many aspects including pathophysiology, treatment, and prevention remain unclear. [2] [3] [4] Cervical laminectomy with instrumented fusion (LF) is one of the most commonly performed procedures for surgical treatment of cervical myelopathy (CM) or cervical myeloradiculopathy (CMR). Aside from the advantages of LF including wider decompression and avoidance of kyphotic change and axial neck pain, which are common complications of laminoplasty (LP), a higher incidence of C5P than LP has been reported as a disadvantage of LF. [5] [6] [7] Several previous studies on C5P-LF mainly focused on the incidence and radiographic factors. However, the related factors remain unclear, and no study has been published on the clinical characteristics of C5P-LF compared with C5P following LP (C5P-LP). The purpose of the present study is to analyze the clinical outcomes and related factors of C5P-LF and compared them with the clinical findings of C5P-LP.
MATERIALS AND METHODS
We retrospectively analyzed a cohort of consecutive patients who underwent primary cervical LF for non-traumatic CM or CMR in a single institute. The diagnosis of CMR was based on clinical symptoms of both cervical myelopathy and radiculopathy, with relevant computed tomography (CT) and magnetic resonance imaging (MRI) findings demonstrating both spinal cord and nerve root compression. The diagnosis of C5P was based on a decrease of more than one grade of deltoid and/or biceps muscle power measured using the manual muscle test (MMT). We performed LF using cervical lateral mass screw and/or cervical pedicle screw placement with morcelized local bone graft obtained from laminectomy. Foraminotomies at the symptomatic levels were performed, preserving more than 50% of the facet joints. No patient underwent preventive C4/5 foraminotomy. The patients had C5P from a total of 100 consecutive patients underwent LP for the surgical treatment of CM and CMR in the same institute were chosen as the control group of C5P-LF. LP was performed for the patients with minimal or tolerable axial neck pain, non-kyphotic alignment of C2-7 angle, and without segmental instability. In the LP group, open-door type laminoplasty using miniplate fixation was performed in all cases.
Related Factors and Outcomes of C5P-LF; C5P-LF versus non-C5P-LF
The following surgical parameters were determined on the basis of medical records: preoperative diagnosis [cervical spondylosis or ossification of posterior longitudinal ligament (OPLL)], clinical symptoms (CM or CMR), presence of arm pain, sensory change, and motor weakness, numbers of levels decompressed and fused, and performance of C4/5 foraminotomy ( Figure 1 ). For each patient, the clinical parameters were evaluated preoperatively and at the last follow-up, including visual analog scale for neck pain (VAS-N) and arm pain (VAS-A), Japanese Orthopedic Association (JOA) score, and neck disability index (NDI). Radiographically, the following parameters were measured. On the preoperative midsagittal T2MR image, percentage of maximal spinal cord compression (SCC % ¼ spinal cord diameter/spinal canal diameter at the lower vertebral body x 100%) was measured at the most severe spinal cord compression level. High signal intensity within the spinal cord on T2 sagittal MR image was assessed. Presence of C4/5 foraminal stenosis was diagnosed if the C4/5 foramen was narrower than 50% of the normal contralateral side or 50% of the mean of the above and below cervical foramina in case of bilateral foraminal stenosis. Sagittal parameters including C2-7 Cobb's angle on the neutral lateral radiograph, C2-7 range of motion (ROM) on flexion-extension lateral radiographs, and C2-7 sagittal vertical axis (SVA) of the cervical spine were measured on the preoperative radiographs. On the lateral radiographs at the last follow-up, correction angles of the fused segments and C2-7 angle were measured.
Comparison of C5P-LF With C5P-LP
The patients having C5P-LP were chosen as the control group of C5P-LF. We compared the incidence, time of onset, and clinical findings, including grade of muscle weakness, accompanying cervical nerve root palsies, associated arm pain, and sensory change in the C5P-LF and C5P-LP groups. Prognosis was compared between the two groups in terms of recovery time, presence of incomplete recovery, residual pain, and sensory change.
Statistical Analyses
Statistical analyses were performed using independent t test, X 2 test, and Mann-Whitney U test in SPSS 17.0 software (IBM Corporation, Armonk, NY), and a P value less than 0.05 was considered to indicate statistical significance.
RESULTS
A total of 90 consecutive patients (M:F ¼ 54:36) who underwent LF were enrolled in the present study. The mean age was 61.1 years (range 42-83 yr), and the mean follow-up was 35 months (range 6-131 months). The mean number of laminectomies was 3.6 AE 1, and mean number of instrumented fusion levels was 3.9 AE 0.8. Preoperative diagnosis was cervical spondylosis in 67 patients and OPLL in 23 patients. Clinical parameters including VAS-N, VAS-A, JOA score, and NDI improved significantly after surgery (Table 1, Figure 2 ). C5P occurred in 26 patients (28.9%), and 14 of 26 C5P cases (53.8%) demonstrated other cervical nerve root palsies.
C5P-LF versus Non-C5P-LF
Clinical parameters including mean age (60.9 AE 11.5 vs. 61.5 AE 8.6, P ¼ 0.808), gender ratio (16:10 vs. 40:24, P ¼ 0.558), preoperative diagnosis of spondylosis: OPLL (19:7 vs. 48:16, P ¼ 0.116), mean number of levels involved in laminectomy (3.7 AE 0.9 vs. 3.3 AE 1.2, P ¼ 0.111), mean number of levels of instrumented fusion (4 AE 0.7 vs. 3.7 AE 0.9, P ¼ 0.116), presence of arm pain (65.4% vs. 64%, P ¼ 0.905), and sensory change (30.8% vs. 37.5%, P ¼ 0.631) showed no significant differences between the two groups. However, preoperative diagnosis of CM:CMR (3:23 vs. 37:27, P < 0.001) and presence of preoperative motor weakness (57.7:32.3%, P ¼ 0.02) were significantly different between the groups ( Figure 3 , Table 2 ). Radiographically, maximal SCC% (50.5 AE 14.1 vs. 52.9 AE 22.7, P ¼ 0.610), presence of high signal intensity (57.7% vs. 65.6%, P ¼ 0.479), C2-7 angle, C2-7 ROM, correction angles of the fusion segments, and C2-7 angle showed no significant differences between the groups. Presence of C4/5 foraminal stenosis showed a difference (77% vs. 56.2%), but it was not statistically significant (P ¼ 0.067) ( Table 3) . Clinical outcome parameters of VAS-N, VAS-A, JOA score, and NDI were not different between the groups before surgery and significantly improved without difference at final follow-up ( Figure 4 ).
C5P-LF versus C5P-LP
The LP control group consisted of 100 consecutive patients who underwent cervical LP. The mean age (57 AE 13.8 years, range 36-82 years), sex ratio (51:49), follow-up period (42 months, range 6-71 months), and mean number of levels decompressed (4 AE 0.8) showed no significant difference between the LF and LP groups ( Table 1 ). The incidence of C5P was the only significant difference (28.9% vs. 4%, P < 0.001). Comparison between C5P-LF and C5P-LP showed significant difference with regard to mean grade of weakness (2.1 vs. 3.5, p ¼ 0.006), accompanying nerve root symptoms (53.8% vs. 0%, 0.044), and recovery time (20.8 vs. 10.5 weeks, P ¼ 0.025). The time of onset (3.5 vs. 2.8, P ¼ 0.531) showed no difference. Incidence of associated arm pain (18:1, P ¼ 0.511), sensory change (11:1, P ¼ 0.087), incomplete motor recovery (4 vs. 0, P ¼ 0.399), residual arm pain (7 vs. 0, P ¼ 0.236), and residual sensory change (8 vs. 0, p ¼ 0.195) were higher in the C5P-LF group than the C5P-LP group, but the differences were not significant (Table 4) . The incidence of C5 palsy (C5P) showed only significant difference. Ã P < 0.05. Figure 2 . Overall clinical outcomes of the laminectomy with instrumented fusion group. 
DISCUSSION
Although a high incidence of C5P-LF has been reported in several studies, 5-7 the incidence, predisposing factors, and clinical outcomes of C5P following posterior cervical decompression have mainly focused on C5P-LP. [8] [9] [10] [11] [12] The present study is the first comparative study on C5P including both C5P-LF and C5P-LP groups. In this study, C5P-LF showed significantly higher incidence (28.9% vs. 4%), more severe weakness (2.1 vs. 3.5 grade by MMT), more frequent involvement of other cervical nerve roots (53.8% vs. 0%), and longer recovery time (20.8 vs. 10.5 weeks) than C5P-LP. Although it was not statistically significant, C5P-LF showed incomplete motor recovery in 15.4% of patients (four of 26). Although Nassr et al 11 reported no significant differences between the incidence of C5P-LF (9.5%) and C5P-LP (4.8%) in their cohort study, several studies have reported a higher incidence of C5P-LF (11.9-50%) than C5P-LP 5-7. Reasons for this high incidence of C5P after LF have been proposed, including a higher C5 nerve root tension caused by wider decompression and posterior shift of the cervical spine, persisting root tension from fixed sagittal alignment, and possible iatrogenic foraminal stenosis due to instrumented fusion. However, the exact etiology remains unclear. The higher incidence of C5P-LF than C5P-LP in the present study reiterates the findings of previous literatures. Reported predisposing factors for C5P-LP were OPLL, presence of underlying C4/5 foraminal stenosis, high signal change in the spinal cord on MRI, and axial rotation of the spinal cord. However, few studies have reported the related factors of C5P-LF. Kaneyama et al 9 found significant related factors of C5P to be OPLL, posterior shift of the spinal cord, and postoperative C4/5 foraminal dimension in 84 LF patients. Although, we did not measure the posterior shift of the spinal cord in this study, the correction angles on the sagittal plane (both fusion angle and C2-7 angle) showed no significant differences. Presence of high signal intensity within the spinal cord and spinal cord compression rates were not different in the groups in our study. Preoperative C4/5 foraminal stenosis is another reported risk factor for C5P-LP. 13, 14 Several studies have reported that preventive C4/5 foraminotomies decrease the incidence of C5P-LP. [15] [16] [17] Although significance was not observed in this study (P ¼ 0.06), higher incidence of C5P was found in patients with C4/5 foraminal stenosis than those without. Because measurement of foraminal diameter can vary according to observer, we defined C4/5 foraminal stenosis as an obvious stenosis of greater than 50%. This might have influenced the P values of the C4/5 foraminal stenosis parameter. A more reliable measurement of the foraminal dimension is required to clarify this relationship. An important part of the present study is comparison of C5P-LF with C5P-LP. In our results, C5P-LP showed more severe weakness, more frequent involvement of other cervical nerve roots, and longer recovery time than C5P-LF. Although no case of C5P-LP showed incomplete recovery, 15% of C5P-LF cases showed incomplete motor recovery. The difference in clinical findings between C5P-LF and C5P-LP could have been influenced by the same factors that resulted in the higher incidence of C5P-LF than C5P-LP. Another novel finding in our study was that diagnosis of CMR and presence of preoperative arm weakness were significantly associated with C5P-LF. Preexisting nerve root compression and radiculopathy might play an important role in the development of C5P following wide decompression and posterior shift of the spinal cord. This is in agreement with the report by Sasai et al 18 showing higher incidence of subclinical radiculopathy in a preoperative electromyographic study in patients experiencing postoperative C5P. Limitations of this study should be noted. First, the study included a small number of C5P-LP patients as a control group for C5P-LF; accordingly, the statistical analyses involved mainly non-parametric methods because C5P-LF was the largest cohort. We included 100 consecutive LP patients in a single institute as the control group, and the incidence and clinical findings of C5P-LP were not different from those of previous studies. Another limitation is that the non-C5P-LP group was not analyzed in detail. The radiographic and clinical findings including sagittal alignments, presence of spinal cord signal change and foraminal stenosis, and combined radiculopathy would have influenced on the development of C5P in LP group, like LF group in this study. Given that the outcomes and predisposing factors of C5P-LP have been extensively studied in many reports, and our study design of the ''comparison 2'' was a nested case-control study in which subset of control (C5P-LP only, not the whole LP group) is matched to cases (C5P-LF), and analyzed only for the variables of interest, we did not compare the C5P-LP group with a non-C5P-LP group in this study. Further studies with a larger number of C5P cases from both groups, LP and LF, considering clinical and radiographic-related factors, would be required to verify the result of this study. On the basis of results of this study, presence of arm weakness and clinical diagnosis of CMR should be considered as risk factors after laminectomy with instrumented fusion. 
CONCLUSION
C5P following cervical laminectomy with fusion showed higher incidence, more severe weakness, more frequent involvement of multiple cervical nerve roots, and longer recovery time than C5P following laminoplasty. Although C5P had no significant influence on the outcomes at the final follow-up, 15% of C5P-LF patients showed incomplete recovery. Preoperative clinical manifestations of myeloradiculopathy and preexisting upper extremity weakness were important related factors.
Key Points
C5 palsy (C5P) is more common after laminectomy with fusion (C5P-LF) than after laminoplasty (LP).
There has been no study on C5P-LF compared with C5P-LP. C5P-LF patients showed higher incidence, more severe weakness, frequent involvement of multiple cervical nerve roots, and longer recovery time than C5P-LP patients.
Preoperative clinical manifestation of CMR and preexisting upper extremity weakness were the related factors of C5 palsy.
